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Best Practices in Steam System Management

I I decided to incrementally decrease header pressure
BeSt P raCtI cesin Steam while monitoring the effects of this change on sys-
tem performance.
System Management P
Fred L. Hart, U.S. Dept of Energy The pressure was reduced twice, first to 115 psig,
David Jaber, (formerly with) Alliance to Save Energy and then to 100 psig. After determining no detri-

mental impacts on system operation, Nalco now

Achieving operational excellence is a continuo@Perates the system at 100 psig, resulting in an-
task for all manufacturers working to reduce cogil@l energy savings of 8 percent, far exceeding
and keep their plants profitable. Luckily, manipitial expectations, and saving $142,000 annu-
opportunities exist for industrial plants to cut cos@ly along with reduced carbon emissions. For this
without jeopardizing jobs or the environment. Fa¥ork, the plant received a 1997 Chemical Manu-
example, over 50 percent of the input fuel usd@cturers Association Energy Efficiency Award.[3]
by the U.S. manufacturing sector is used to gen- ) _ _

erate steam. More importantly, in a typical faciin addition to a straight boiler generation reduc-
ity, @ 20 to 30 percent improvement in steam syian, a specific end use pressure might be reduced.
tem efficiency, i.e., the ability to meet their steafys part of their Operational Excellence Program,
needs with 20 to 30 percent less fuel, is possiblilcan Chemicals, a business group of the Vulcan
At an estimated annual cost of $18 billion foMaterials Company, implemented a process opti-
fuel, alone, in the 33,000 boilers used by indugtization project involving two chloromethane
try, reducing steam fuel use can improve profiggoduction units. This four-month project required
nationally[1] The chemicals industry can parno capital investment and resulfted' ina reduction
ticularly benefit as itis very steam intensive; stealft Process steam demand and significant cost sav-
production accounts for over 50 percent of fué1gs. Vulcan lowered the steam system pressure
used by the sector. Other sectors which reai}?/the first distillation column from 35 to 26 psig.
benefit through steam system improvements ifhis gave them a lower condensing temperature

clude pulp and paper, food processors, steel mifigat requires less reflux during component sepa-
petroleum refining, and textiles. ration. Average reboiler steam demand per unit

of product decreased by almost 6 percent and re-
Common areas in which to look for savings oggtlited in yearly cost savings of $42,000. This
portunities in steam generation, distribution, erfant also received a Chemical Manufacturers As-
use and recovery are outlined below.[2] By dé&ociation Energy Efficiency Award in 1997 for
termining which are the most appropriate at a givéfe project.[4]
plant, a good start can be made on improving the
productivity and reliability of the plant, while cut-Boiler Tune-Up

ting unnecessary costs. The major areas of opportunity in boiler tune-up
encompass excess air and blowdown optimization.
SteaM GENERATION Optimum excess air minimizes stack heat loss from

extra air flow while ensuring complete fuel com-

bustion. Stack temperature and flue gas oxygen
Demand Reduction (or carbon dioxide) content are the primary indi-
The boilers may well be producing more steaoators of the appropriate excess air level; an ad-
than is needed for the end uses. Evaluationagfuately-designed system should be able to attain
demand is especially important when downstreaarLO percent excess air level. The required action
improvements such as insulation and condensatéo monitor flue gas composition regularly with
return are implemented - lower loss means lowgas absorbing test kits or computer-based analyz-
generation needs. At Nalco Chemical Companyss. Highly variable steam flows or fuel compo-
Clearing Plant in Bedford Park, Illinois, a prosition may require an on-line oxygen analyzer, also
cess engineer determined that a steam header praled oxygen trim control.
sure of 125 psig was no longer necessary duedptimizing boiler blowdown helps keep steam
changes in the some of the plant’s processesg#ality high for effective production, while re-
team of personnel from the maintenance, utilifucing fuel and water treatment expenses.
ties, and production departments evaluated tBewdown rates typically range from 4 to 8 per-
feasibility of reducing the header pressure amént. Relatively pure feedwater may require less,
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where high solids content water requires mor8team DISTRIBUTION
Extensive operating practices have been devel-
oped by an AIChE sister organization, the Amerasteam Leaks

can Society for Mechanical Engineers. The eam leaks can be dangerous in higher-pressure
blowdown practices depend on operating pres- 9 | nigher-p
tems, above and beyond the significant energy

sures, steam purity needs, and water deposit Sv%gs_ste they represent. Steam leaks are often found
sitivity of the system. For best blowdown re:- yrep )

sults, investigate the ASME guidelines and alsaé valve stems, unions, pressure regulators, equip-

look into continuous blowdown control SyStemg;;n;tgo?QfgggﬂJbiT%e;éZ%dmp;ii ijcr>\|/r;ts. L;Pee
to help maintain optimal blowdown levels. P ot : y. Larg
steam leaks are visible and ultrasonic detectors can

identify even very small leaks. Tag the leaks and
Clean Heat Transfer determine which can be repaired by your mainte-

Scale build-up can cause safety hazards from hgghce staff and which require service technicians.
exchanger tube failure and boiler metal overheat-

ing, in addition to excess fuel use of up to 5 peq

Steam Traps
cent. Heat transfer surfaces can be kept relativ o
i’ﬁsteam systems that have not been maintained

clean by pretreating boiler makeup water wit,
water softeners, reverse osmosis, and/or demin8|r—3 to 5 years, from 15 to 30 percent of traps

alizers, treating returned condensate, if need&d@y have failed, and regularly-scheduled mainte-
gy_ance should reduce this to under 5 percent of

and adopting proper blowdown practices. R s. The cost of one medium-sized steam tra

move existing scale either mechanically or throu @Ft) féile d 10 ODEN iN &N AVErace Pressure S ster?m

acid cleaning. It can also be useful to consul &qht be $3 OOpO er vear and r%orpe Traps c);n be

specialist in water treatment. 9 ’ PETY . . rap .
tested by a range of means, including visual in-

Auxili EQui t spection, listening to the sound, pyrometers, and

uxi '_a,‘ry quipmen _ ultrasonic and infrared detectors.
In addition to the automatic blowdown control

system and oxygen trim control already mefo, optimum performance, establish a regular trap
tlon(-;d, oth_er equmentwh_lch canincrease bo"ﬂspection, testing, and repair program that in-
efficiency include economizers, blowdown head,jes 4 reporting mechanism to ensure replicability
recovery systems, and controls. - Economizefg provides for documenting energy and dollar
transfer heat from the flue gas to the feedwatgévings_ Velsicol Chemical’s Chestertown, Mary-
and are appropriate when insufficient heat trangyg. facility implemented a preventive mainte-
fer (assuming heat transfer is clean of scale) §%3ce (PM) program to identify energy losses in
ists within the boiler to remove combustion heagair steam system. Velsicol’s PM program inven-
Good boiler candldatgs are those above 100 boﬂ@ﬁed the plant's steam traps, trained system op-
horsepower. Determine the stack temperature alidiqrs to identify failed traps, and improved com-
minimum stack temperature to avoid corrosiogynication between maintenance and production
(250° Cif natural gas is the fuel, 300° C for COﬁersonnel so that failed traps were quickly repaired
and low sulfur oils; and 350° C for high sulfuly yapjaced. This program also identified improp-

oiIs) aftertuning'boilert_o manufacturer specifiény sized traps or traps of the wrong type and
cations. This will help indicate whether or noﬁlanned their replacement.

an economizer makes sense economically in the

plant. Implementing the program saves Velsicol over

.$80,000 annually at an initial cost of just $22,000.
Blowdown heat recovery systems preheat boilgr, 5o reduced energy consumption on a per pro-
make-up water using the blowdown water rég,ciion unit basis by 28 percent, and had a pay-
moved and make sense in continuous boilgkcy of just over 2.5 months. The plant received a
blowdown systems. Blowdown waste heat caiyg7 chemical Manufacturers Association Energy
be recovered simply with a heat exchanger, orgfiiiency Award for the project. The effort re-
a flash tank. For controls, an oxygen trim CoRyced annual Cg@missions by 2,400 tons. Yet
trol system provides feedback to the burner cogggther henefit was the reduced worker exposure
trols to automatically minimize excess combugg (reatment chemicals.[5] A large Rohm and Haas
tion air for an optimum air to fuel ratio. This caRnethy| methacrylate plantin Kentucky, implement-

resultin fuel savings of 3 to 5 percent and is USRy 4 similar program, saved nearly $500,000 each
ful where fuel composition is highly variable. year.
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Insulation done to generate steam or unintentionally. Flash

Insulation helps ensure proper steam pressureJtam contains anywhere from 10 to 40 percent of
production and can reduce radiative heat loss fréR® energy content of the original condensate de-
surfaces by 90 percent.[6] The Department 8ending on the pressures involved.

Energy (DOE) Industrial Assessment Center pro- _

gram demonstrated a savings potential rangifijten the steam is vented and lost; however, a
from 3 percent to as high as 13 percent of tofa§at exchanger can be placed in the vent. Inspect
natural gas usage on average through insulatint pipes of receiver tanks and deaerators for ex-
installation. The optimum insulation thicknesgessive flash steam plumes and install heat exchang-
can be calculated with the DOE 3E+ softwaf@'sS.

program. Depending on pipe size and tempera- . _ _

ture, needed insulation thickness may range frai an example illustrating the economics of steam
one inch to over eight inches. For steam syste@¥ condensate recovery, the Bethlehem Steel Burns
specifically, common insulating materials includélarbor plant returned a portion of its warm con-
fiberglass, mineral fiber, calcium silicate, and ceflenser cooling water exhaust stream to the boiler
lular glass. Material choice depends on moifeedwater and rerouted low pressure waste steam

ture, temperature, physical stress, and other erl(0 & steam turbine generator. This along with a
ronmental variables. turbine rebuild results in annual savings of ap-

proximately 40,000 MWh of electricity, 85,000
Appropriate actions include: first, insulate steaMMBtu of natural gas, and nearly $3.3 million.
and condensate return piping, boiler surfaces, aAth a cost of $3.4 million more than a standard
fittings over 120 degrees Fahrenheit; second, cdRaintenance overhaul, the project had a simple
duct a survey of the overall facility steam systeRRyback of just over one year.[8] The project
every five years for deteriorated and wet insul@lso reduced high-temperature water discharge into
tion; and third, repair or replace damaged instie harbor an_d d_ecreased coke-oven and blast-fur-
lation. As an example, Georgia Pacific’s plywoo@ace gas emissions by 27,200,000 Ibs. of carbon
plant in Madison, Georgia, insulated several stedgfiuivalent, 294,000 Ibs. of SOx, 370,000 Ibs of
lines leading to its pulp dryers. Using 3E+, the)Ox, 11,600 Ibs. of P), 1,450 Ibs of VOCs,
determined an optimal insulation for their stea@nd 14,000 Ibs of CO.
lines and installed mineral fiber insulation. Geor-
gia Pacific found this made their work environPUTTING IT ALL TOGETHER
ment safer and improved process efficiency. To-
gether with steam trap maintenance, the plant iehe above tips point out the power of taking a
duced its fuel costs by roughly one-third over thg/stems approach to energy management. Return-
year and also lowered emissions — 9.5 millidiag condensate and recovering heat from the end
Ibs. of carbon dioxide (carbon equivalent), 3,508 the process makes true steam demand assess-
Ibs. of SOx, and 26,000 Ibs of NOx on an annugient, clean heat transfer maintenance, environ-

basis.[7] mental emissions control, and fuel use minimiza-

Steam Recovery tion at the boiler easier. Pursuing the systems ap-
proach can be facilitated by using the resources of

Condensate Return the DOE Office of Industrial Technologies, which

Return of high purity condensate reduces boilirthe source of most of the above guidance. DOE
blowdown energy losses and makeup water. Thissistance focuses on helping industry in develop-
saves 15 to 18 percent of the fuel used to heat thg and adopting energy-efficient technologies and
cool makeup water, saves the water itself, aptactices through voluntary technical assistance
saves treatment costs and chemicals. Reduced gwagrams on plant-wide energy efficiency. Areas
densate discharge into the sewer system also@tfocus include industry-specific emerging tech-
duces disposal costs. Repair condensate retoaiogies, industrial steam systems, electric mo-
piping leaks for best results. If the condensat@'s, drives and pumps, industrial compressed air
return system is absent, estimate the cost of a ceystems, and combined heat and power systems.
densate return system and install one if economi-

cally justified. In conjunction with the Alliance to Save Energy
and industry steam experts, a network of resources
Flash Steam Recovery has been established to help steam-using indus-

When the pressure of saturated condensate istf@l plants adopt a systems approach to design-
duced, a portion of the liquid “flashes” to stearf!d; installing and operating boilers, distribution
at a lower pressure. This can be intentionafyStems, and steam applications. Benefits of the
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systems approach include lower operating costgts. The following steps help pursue the systems
lower emissions, increased plant operation relipproach: 1) Walk through your entire steam sys-
ability, and increased productivity. Specific rekem by performing an audit, 2) Document the au-

sources include: dit results and make appropriate improvements as
outlined here; and 3) Develop and implement a

¢ Tipsheets. program for ongoing maintenance. The long term

¢ Case studies. benefits of system efficiency require continuous

¢ Answers to technical questions. improvement through proper operating and main-

¢ Databases of training opportunities, technienance practices. This prevents a system from

cal tools, references and standards. degrading into a mode of poor performance.
¢ Workshops which bring together public

manu-facturing resources, private-sector ehieightened awareness of operating costs and per-
ergy management assistance, and peer rfetmance implications is key to understanding the

working opportunities. importance of steam system management. Addi-
¢ Plant-wide assessment opportunities. tional ways to discover and capture savings op-
¢ Technical papers. portunities are by sharing experiences within and
¢ Project financing guidance tools. outside the company, and increasing interaction
4 Publicity and awards through case study datgtween facility operations and management to

reconcile production and engineering facts with

Existing resources are available through the IH€ financial and corporate priorities.
dustries of the Future Clearinghouse ((800) 86Bor more information contact:
2086, clearinghouse@ee.doe.gov), the website
(www.oit.doe.ge/bestpractices/steam) and th&red Hart
OIT resource room at (202) 586-2090. TheséS. Department of Energy
resources also include a Sourcebook providinﬁaﬂi fred.hart@hq.doe.gov
comprehensive steam system overview and réfhone: (202) 586-1496
erences and a Steam Scoping software tool pro-
viding guidance on how to profile and assess ste&®BFERENCES
systems.
1. Unpublished research of the Alliance to Save Energy,
Case studies in particular have a lot of powerggg. calculated from GRI boiler data andnthly Energy
and many of these are specific to the chemigadviewfuel cost data.
industry. Internally, case studies help foster Sug-The suggestions and facts used in the savings opportuni-
cess replication for other company facilities ags areas come from the U.S. Department of Erengygy

well as achieve internal company fecognit_i(_)mps tip sheet series and can be consulted for further infor-
Externally, the company can receive recognitiafation.

as an industry leader. DOE is available for assis-u.s. Department of Energy, April 19%Reducing Steam

tance in case study documentation. Header Pressure Provides Attractive Operating Cost Sav-
ings, 2 pp.
CONCLUSION 4. U.S. Department of Energy, July 2068ducing Steam

Pressure Saves $42,000 Annually At Vulcan Chemicals

_ - . DOE/ORNL-002, 4 pp.
Too many manufacturing facilities are notachiey: ; g pepartment of Energy, April 199@proved Steam
ing their full potential because of poorly operrrap Maintenance Increases System Performance and De-
ated and maintained steam systems. Steam @ffiases Operating Cos®OE/ORNL-003, 4 pp.
ciency lies at that rarely visited intersection @&. U.S. Department of Energy, September 1988ustrial
improved economic performance, greater energysulation for Systems Operating Above Ambient Tempera-
efficiency, and environmental benefit. By takingyre, ORNL/M-4678, 12 pp.
advantage of available public and private enerdy U-S. Department of Energy, November 199& Chal-

management resources, any manufacturer can gepge: Increasing Process and Energy Efficiency at a Ply-
efit wood PlantORNL/SC-CS2, 4 pp.

8. U.S. Department of Energy, April 199Bhe Challenge:

. . . Improving Steam Turbine Performance at a Steel, Mill
Continuous improvement and maintenance of pog/G0-10099-763, 4 pp.

steam system efficiency through monitoring and
maintenance leads to greater reliability, cost ef-
fective production and price competitive prod-



